The extensive development of industries gives birth to many chemicals which brings contaminations towards environment. The present study is to apply QUECHERS extraction coupled with GC/MS for detection of polycyclic aromatic hydrocarbons (PAHs) and organochloride pesticides (OCPs) in Lake Nokoué of Benin Republic. The method was first benchmarked with standard PAHs and OCPs, and limit of detection (2-194 ppb) and limit of quantification (8-645 ppb) were obtained with recovery rate of 91-110%. The method was then applied to the detection of PAHs and OCPs in the lake water, no benzo[a]pyrene, chrysene or pyrene was detected. The main origin of PAH compounds in Nokoué Lagoon are material combustion and fuels for Polycyclic Aromatic hydrocarbons and due to remoteness pollution for organochorid pesticides compounds.
Introduction
Due to diversity of pollutants released and the associated risks, analytic methods to assess the actual extent of damage are still a challenge for the analyst despite the existence of panoply of techniques. To limit exposures to very toxic organic extraction solvents and to optimize the analytical times, multi-residue pretreatment techniques have been developed and are now widely used in research of organic pollutants (Corté s-Aguado et al., 2008; Perret et al., 2004 & Bogiallia et al., 2004 . These techniques include assisted microwave, pressurized fluid (ASE), critical CO 2 , acetonitrile extractions such as the developed and improved QUECHERS method (Anastassiades et al., 2003 , Lehotay et al., 2005 & Kmellá r). et al., 2010 . The last method is less expensive, very reliable, effective, fast, reproducible and less toxic. This analytical approach is accompanied by the production of very powerful chromatographs equipped with high-performance sensors such as GC-MS, GC-MS / MS, LC-MS, LC-MS / MS able to separate and detect individual molecules of organic pollutants in a complex mixture resulting from a pretreatment of any environmental matrix (Chamkasem et al., 2013 & Salem et al., 2016 . The choice of natural water samples for this method is based on the waters of Lake Nokoué , a lake belonging to one of the most important hydrographic complexes in West Africa. This ecosystem, under a strong demographic pressure because of its location in urban areas whose consequences of mismanagement of municipal wastes, are characterized by garbage dump along its banks. It is also the receptacle of wastewater and wastes from the city of Cotonou, lacustrine villages of the town-hall of Sô-Ava, the town of Abomey-Calavi on the one hand and surface water such as the Oué mé River draining runoff that has leached cropland in large part of Benin Republic. Thus, these waters carry residues of agricultural inputs. Studies have revealed that the Cotonou Channel and Nokoué Lake ecosystems are heavily polluted by organic material of all kinds, including PAHs, PCBs and pesticides (Soclo et al., 2008 , Yehouenou et al., 2006a . According to the results of these authors, the concentration levels in PAH of the channel vary between 70 and 722ng / g of dry sediments and in OCPs of a few ppb in water, sediments and living organisms. Thus, the environmental matrices of such an environment seem appropriate for the simultaneous research and monitoring of PAHs, OCPs and their derivatives by the multiresidue extraction method QUECHERS and gas chromatography coupled to mass spectrometry in an efficient manner. The objective of the study is to develop and adapt these analytical techniques to the evaluation and monitoring of contamination levels of organic pollutants in the lake.
Material and Methods

Stus
The surface water samples were collected in Nokoué lake, whose geographical coordinates are: 6 ° 25 '60 "N and 2 ° 27'0" E and 42 meters altitude. It covers an area of 339 ha. 
Sampling Campaign
Before the sampling campaign the glassware was previously depended on washing with soapy water, decontaminated with the sulfochromic mixture, cleaned with bidistilled water and acetonitrile before being packed in aluminum foil. Sampling consisted of water sample extraction from 2-liter amber glass bottles following a transect (Berryman et al., 2004a , Loyo-Rosales et al., 2007 , Soclo et al., 2008 , Gbaguidi et al. , 2014 , Bennie et al., 1997 , Cortes-Aguado et al., 2008 & Gasperi et al., 2009 . Before sampling, the bottles are cleaned three times with the sample of water to be taken. In order to stabilize the samples and avoid microbial degradation during transport, they undergo an addition of sulfuric acid (up to pH = 2). The samples are hermetically sealed by interposing foil between the inside of the lid and the sample. They are then labeled according to the date and place of sampling. The storage and transport of the samples to the laboratories were done in coolers equipped with cold accumulators to keep them at 40 °C ± 5 °C. The campaign was carried out during the period of the small rainy season in southern Benin where the waters of the Oué mé River drain from the north the pollutants mainly of agricultural origin in Lake Nokoué .
Validation of the Analytical Method
Reagents
-certified solution of pesticide molecules "Stock TCL Pesticide Mix 2000 ppm in Hexane / Toluene", including: Aldrin, alpha-BHC, beta-BHC, delta-BHC, diene, alpha-endosulfan, beta-endosulfan, sulfate-endosulfan, endrin, endrin-aldehyde, endrin-ketone, gama-BHC, heptachlor, heptachlor-epoxideisomer B, methoxychlor, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT; -internal standard (EI) of pesticide: atrazine d5; -certified solution of PAH molecules "Stock EPA 610 PAH 100-2000 ppm in methanol" comprising 16 PAH molecules such as: naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo (a) anthracene, chrysene, benzo (b) fluoranrhene, benzo (k) fluoranrhene, benzo (a) pyrene, indeno [1,2,3-cd] -a muffle oven.
Analytical Conditions
The GC-MS used is equipped with an Agilent DB5-MS UI column. The carrier gas is high purity helium (99.9995%) purchased from Air Liquide (France). The flow rate of the carrier gas is 1 mL.min-1. The temperatures of the injector, the ionization source and the quadrupole are 280 °C., 230 °C. and 150 °C respectively. The pulsed mode (splitless) was adopted for the injection of the purified extracts and the injected volume is 1μL. The oven temperature programming ramp is: initial temperature of 80 •C for 1 min, then 10 •C / min up to 160 •C and finally 3 •C / min up to 300 •C. The temperature of the interface of the mass spectrum is maintained at 300•C. Ion monitoring mode (SIM) was used for quantitative analysis, while full scan mode was used for qualitative analysis (Ben Salem et al., 2016 & Chamkasem et al., 2013 .
Validation Criteria
The validation of the method consisted in evaluating: the retention times, the linearity through the calibration (external and internal), the repeatability and the reproducibility, the limits of detection (LOD) and of quantification (LOQ). To do this, standard certified mixed reference solutions of desired molecules are prepared in the range of 0 -1000 ppb and injected. Using the chromatograms, the mass spectra m/z are determined as well as the retention times and the corresponding areas. From the different calculated areas and the corresponding concentrations, the external and internal calibration curves are plotted in Excel. The slopes, the coefficients of determination R 2 and the ordinates at the origin of the different calibration curves are calculated.
For repeatability, five (05) repetitions of the range of 0 -500 ppb were performed in the same day. As for the reproducibility, the injection of the standard solution is made over 5 days for the range 0-500 ppb and the coefficients of variation % CV are calculated in each case. So: %CV = σi/χi x 100 with σi the standard deviation "SD" and χi the arithmetic mean of the analytical values obtained.
-if CV < 2%, the measurements are very homogeneous and the experiment is repeatable or reproducible; -if 2% < CV < 30%, the measurements are homogeneous and the repeatability or reproducibility of the experiment is acceptable;
-if CV > 30%, the measurements are heterogeneous so the experiment is non-repeatable or non-reproducible (Gbaguidi et al., 2011 , Kouzayha, 2011 & Salem et al., 2016 .
The limit of detection (LOD) was determined by considering three times the standard deviation of the background noise after ten injections of the reagent blank. While the limit of quantification (LOQ) was determined by considering ten times the standard deviation of background noise after ten injections of reagent blank. The percentages of recovery of the various desired compounds are calculated using the standard solution of the calibration point 100 ppb according to the formula:
Extraction of Natural Water Samples
Before analysis of the water samples by GC / MS, they underwent extraction, concentration and purification steps in accordance with the QUECHERS methodology. This technique has allowed us to expand the range and number of individual molecules of organic pollutants and related metabolites. For the extraction, 15 mL of each water sample to be extracted were introduced into 50 mL flasks to which 15 mL of acetonitrile + 1 % of HAC (acetic acid) and 100 μl of a mixed solution were added. 1 ppm internal standard (extraction of IE) containing naphthalene d8, phenanthrene d10, perylene d12, atrazine d5 and stirred for a few seconds on vortex. To this mixture is added 6 g of MgSO 4 + 1.5 NaAC (sodium acetate) and stirred manually for 30 seconds. The flasks are centrifuged at 3000 rpm for 2 min. 8 mL of each supernatant is collected in 15 mL glass test tubes for dry evaporation using the Turbovap LV evaporator under a gentle stream of nitrogen. The dry residue was taken up with 500 μl of acetonitrile and passed through the purification in order to reach very low detection limits.
Results and Discussion
Determination of Retention Times and Analyte Weights
The retention times t R , the weights M/Z of the analytes and the internal standards used are recorded in Table 1 . Salem et al. (2016) and Miossec et al., (2018) who worked with the same analytical material as us.
External and Internal Calibration
The slopes, the coefficients of determination R 2 and the ordinates at the origin of the calibration curve differences are recorded in Table 2 . The coefficients of determination obtained for the external calibration vary from 0.90 to 1 whatever the molecule considered. At the level of the PAHs sought, these coefficients vary from 0.97 to 1. For the OCPs, 0.90 ≤ R 2 ≤1. For the internal calibration the coefficients of determination vary from 0.99 to 1 for PAHs and from 0.91 to 1 for OCPs. Whatever the external or internal calibration, the values of the coefficient of determination R 2 obtained demonstrate that the method has good linearity in the chosen calibration range. In the following, the central (average) and dispersion characteristics of the chromatogram areas obtained during the repeatability and reproducibility tests are calculated and are recorded in Tables 3 and 4 . 
Repeatability
In the repeatability tests ( Salem et al., (2016) , these high proportions of ND in low concentrations would be related to a loss of low molecular weight analyte by evaporation during dry extracts resulting in concentration levels under the limit of detection (Miossec et al., 2018) . If this hypothesis is true in their case, in our tests the evaporation did not concern that the molecules of low molecular weight. It has affected all molecular weight ranges. To overcome this difficulty, the natural samples to be analyzed are concentrated more than 30 times to get out of the background noise. 
Reproducibility
Analysis of the reproducibility data in Table 4 shows that the percentages of validated reproducibility tests vary from 67.7 to 97.5 %. The low percentages are found at the concentration of 10 ppb. Overall, the reproducibility percentages of the assays are acceptable and are considered satisfactory for validating the method and for use in real-world analyzes. Table 5 shows the values of the detection and quantification limits and the percentages of recovery An analysis of the data shows that LODs range from 0.002 μg / g to 0.194 μg / g. LOQs range from 0.008 to 0.645 μg / g. The lowest LOD is obtained for phenanthrene while the highest value is found in 4,4'-DDE. The percentages of recovery vary between 91 and 110 for respectively 4,4'-DDE and Benzo [a] pyrene. Salem et al., (2016) under conditions similar to ours for a multiresidue assay of 16 PAHs, 12 PCBs and 9 OCPs in the sediments, obtained R 2 coefficient of determination greater than 0.95 for all the compounds analyzed. The quantification limits (LOQ) found by these authors vary between 0.02 and 9.64 ppb. These differences would be related to the state of the columns and detectors used. The column in our tests is relatively old which would be the cause of the limits of detection and quantification too high. Despite these high limits of detection and quantification the method has good linearity, good repeatability and reproducibility for concentrations greater than 10 ppb and can therefore validly be used in real-world for investigations. As such, the internal calibration has been used.
Application of the Method to the Analysis of Lake Nokoué Water Samples
The application of the validated method allowed us to search and to dose these two (02) families of contaminants sought in the waters of Lake Nokoué . The analysis results are shown in Table 6 . From the analysis of the data in Table 5 , we note at the level of PAHs that, out of 16 molecules sought in the lake, three (03) were not detected. Nine (09) out of sixteen PAH molecules were detected at all sites. Contamination levels vary from not determined to 1207.33 ppb on the MLA1 site.
At the level of the OCPs, if on the MLA1 site all the eighteen (18) searched molecules are found, at the MLA sites 2 and 3, three (03) molecules were not detected. These are Delta BHC, EndrineKetone and Alpha BHC. So a total of 15 molecules out of 18 OCPs were detected and quantified at all sites. That is a percentage of 83% of OCPs. The origin of PAH compounds in Nokoué Lagoon are material combustion and fuels for polycyclic aromatic hydrocarbons and due to remoteness pollution for organochloride pesticide compounds (Soclo, 2008; Yehouenou, 2006a & b) .
Conclusion
Whatever the external or internal calibration, the values of the coefficient of determination R 2 obtained are between 0.98 and 1. These values demonstrate that the method has good linearity in the chosen calibration range. For the repeatability the validation percentages vary from 32.5 to 92 %. The low percentages are the repeatability tests for the 10 ppb concentration. This state of affairs would be related to a loss of analyte during the dry extracts. Overall, the reproducibility percentages of the assays are acceptable and are considered satisfactory for validating the method and for use in real-world analyses. For all the molecules sought, the percentage of recovery varies between 91 and 110 % corresponding respectively to Benzo [b] fluoranthene and Benzo [a] pyrene.
